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• HIGHLIGHTS
- �This is the first study to evaluate the effectiveness of 3 different intravesical agents more clearly by performing both immunohistochemical and his-

topathological examinations.  
- �The single treatment of chondroitin sulfate and combined hyaluronic acid-chondroitin sulfate provided treatment efficacy by suppressing the early-

stage inflammatory process in interstitial cystitis and achieving improvements in the urothelium.  
- �We demonstrated the comparable efficacy of chondroitin sulfate with combined hyaluronic acid-chondroitin sulfate in the present study.  �

Purpose: Three intravesical treatment agents were compared in an interstitial cystitis rat model: chondroitin sulfate, hyaluron-
ic acid, and combined hyaluronic acid-chondroitin sulfate.
Methods: Thirty-five female rats were divided into 5 groups: control (group I), isotonic (group II), chondroitin sulfate (group 
III), hyaluronic acid (group IV), and hyaluronic acid-chondroitin sulfate (group V). Chemical cystitis was induced in all ex-
perimental groups by intravesical instillation of 1 mL of hydrogen peroxide (H2O2) for 15 minutes via the transurethral route. 
The treatment was administered every other day for 3 sessions 2 days after inducing chemical cystitis. Groups II, III, IV, and V 
received 1 mL of 0.9% NaCl, 1 mL of 0.2% sodium chondroitin sulfate, 1 mL of low-molecular-weight hyaluronic acid, and 1 
mL of 2% sodium chondroitin sulfate+1.6% sodium hyaluronic acid, respectively. On day 7, the animals were sacrificed and 
the bladders were removed for histopathological and immunohistochemical assessments.
Results: Significant between-group differences were found in vascular congestion (P=0.006). The grade of submucosal edema 
in groups II and IV was significantly higher than in group I (P=0.006, P=0.006, respectively). In group I, the grade of granu-
lation tissue was lower than the other 4 groups, but no significant difference was found between the remaining groups 
(P=0.016). Neutrophil cell infiltration was more intense in groups II and IV than in group I (P=0.006, P=0.006, respectively). 
Significant differences in the leukocyte and mast cell count were detected between groups II and IV (P<0.001, P<0.001, re-
spectively). Abnormal zonula occludens-1 and uroplakin-III immunoreactivity in group II was higher than in groups I, III, or 
V (P=0.002, P=0.010, respectively). Interleukin-8 expression was lower in group V than in group II (P=0.001).
Conclusion: A single treatment of chondroitin sulfate and combined hyaluronic acid-chondroitin sulfate treatment demon-
strated efficacy by suppressing inflammation and achieving improvements in the urothelium.
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INTRODUCTION

Interstitial cystitis (IC) is a chronic disease of the urinary blad-
der induced by several etiological factors and characterized by 
urgency of urination, frequency of urination, nocturia, and pel-
vic pain. The morbidity of IC may vary depending on age, sex, 
and race according to prior epidemiological studies [1,2]. Even 
though this disease affects both sexes, especially within the age 
range of 30–50 years, approximately 90% of patients have been 
reported to be female. Although there is an ongoing debate re-
garding its etiology, it is believed that several etiological factors 
participate in the pathogenesis of IC, and disruption of the gly-
cosaminoglycan (GAG) layer in the urothelial mucosa is the 
main histopathological factor leading to this clinical entity [3]. 
The GAG layer is composed of GAGs and proteoglycans such 
as chondroitin sulfate and hyaluronic acid [3,4]. Behavioral, 
oral and intravesical therapies, neuromodulation, and surgical 
treatment constitute the current therapeutic options for IC. In-
travesical treatment with different agents, aiming to replace the 
disrupted GAG layer, represents the most commonly utilized 
invasive treatment method [5]. Replacement of the GAG layer 
as a treatment modality for IC has been preferred since the 
1990s and was found to be more effective than other methods 
of IC treatment [6]. Physicians may experience difficulty in se-
lection of the appropriate agent since no definitive outcome was 
obtained in various systematic reviews that analyzed the effica-
cy of different intravesical treatment agents. In this study, we 
aimed to compare the anti-inflammatory effects and regenera-
tive capacities of intravesical instillation of chondroitin sulfate, 
hyaluronic acid, and a combination of hyaluronic acid-chon-
droitin sulfate agents in an experimental rat model of IC.

MATERIALS AND METHODS

Animals and the Study Protocol
Approval for the study was received from the local ethics com-
mittee (2017/591). All experimental protocols and procedures 
were approved by Yeditepe University Institutional Animal 
Care and Use Committee. The present study included 35 female 
Wistar albino rats aged between 4–6 months old and weighing 
between 200 and 250 g. The experimental animals were given 
standard conditions, feeding, and maintenance during the shel-
tering. The rats were randomly divided into 5 experimental 
groups, each of which included 7 rats, as follows: control (group 
I), IC +isotonic solution (group II), IC +chondroitin sulfate 

(group III), IC +hyaluronic acid (group IV), IC +hyaluronic 
acid-chondroitin sulfate (group V). Chemical cystitis was in-
duced in all groups by intravesical instillation of hydrogen per-
oxide (H2O2) via the transurethral route, except in the sham 
control group with minor modifications [7]. Rats were anesthe-
tized using 2%–3% isoflurane in 100% oxygen via a precision 
vaporizer. For the procedure, a sterile 26-G catheter (Boston 
Scientific, Marlborough, MA, USA) was introduced into the 
urinary bladder via the transurethral route and the abdomen 
was pushed gently until the urine was removed. Then, 1 mL of 
5% H2O2 (Fisher Scientific, Hampton, NH, USA) was instilled 
via the transurethral route and held there for 15 minutes [7]. 
Respiratory rate, heart rate, and responses to painful stimuli 
were monitored in order to assess anesthetic depth in the rats 
during the experiment. Following the formation of chemical 
cystitis, the urinary bladder of each rat was drained by pressing 
the abdomen. One rat each from groups IV and V died due to 
impaired general condition and development of peritonitis after 
administration of H2O2.

Treatment Protocol
The treatment protocol was administered every other day for a 
total of 3 sessions in all of the experimental groups (i.e., exclud-
ing group I) 2 days after the formation of chemical cystitis.

Group I (n=7): This healthy group of animals, which were 
maintained in the same conditions without induction of chemi-
cal cystitis, was sacrificed and underwent cystectomy concur-
rently with the other rats. Excised specimens were processed for 
conventional histopathological examination.

Group II (n=7): The animals in this group were instilled with 
1 mL of 0.9% NaCl via the transurethral route every other day 
for a total of 3 sessions using a 26-G purple angiocath.

Group III (n=7): In this group, 1 mL of 0.2% sodium chon-
droitin sulfate (Gepan, Instill, Farmatek, Istanbul, Turkey) was 
instilled via the transurethral route using a 26-G purple angio-
cath every other day for a total of 3 sessions [8].

Group IV (n=6): In this group, 1 mL of low-molecular-weight 
hyaluronic acid (120 mg of hyaluronic acid in 50 mL) (Hyacyst, 
Instill, Syner-Med, Surrey, England) was instilled via the trans-
urethral route using a 26-G purple angiocath every other day 
for a total of 3 sessions.

Group V (n=6): In this group, 1 mL of 2% sodium chondroi-
tin sulfate+1.6% sodium hyaluronic acid (Ialuril Instill, IBSA, 
Lugano, Sweden) was instilled via the transurethral route using 
a 26-G purple angiocath every other day for a total of 3e ses-
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sions. The solutions were maintained for 1 hour in the bladder 
of each animal. The bladders were emptied by pushing the ab-
domen after 1 hour in all groups except for group I.

Animals were sacrificed using 200 mg/kg of pentobarbital 1 
day after the third session of the treatment, and their bladders 
were removed to perform histopathological and immunohisto-
chemical examinations.

Histopathological Evaluation
Urinary bladders were fixed in 10% neutral buffered formalin 
after removal and embedded in paraffin. Three micron sections 
were obtained from the paraffin-embedded tissues using a ro-
tary microtome and stained with hematoxylin and eosin per 
standard procedures. The examinations were performed using 
a light microscope (BX-51, Olympus, Tokyo, Japan) and an 
Olympus DP72 camera system. The histopathological assess-
ments were based on the following classification for each thera-
peutic group. The histological slides were analyzed by a blinded 
pathologist who received the specimens identified with only 
numbers without a label indicating the groups. The severity of 
inflammation was evaluated at ×10 (×10 optical zoom) mag-
nification; vascular congestion, submucosal edema, mononu-
clear lymphoid cells, grade of granulation, and neutrophil infil-
tration were evaluated and scored in 10 different fields of the 
sections for each sample. The specimens with no submucosal 
edema, mild submucosal edema (without a change in the thick-
ness of connective tissue), moderate submucosal edema (if 
thickness of the connective tissue increased less than 2-fold), 
and severe submucosal edema (if thickness of the connective 
tissue increased more than 2-fold) were scored as 0, 1, 2, and 3, 
respectively. Specimens with high levels of mononuclear lym-
phoid cells, vascular congestion, granulation, and leukocyte ac-
cumulation were scored as 0, 1, 2, and 3, respectively. Leuko-
cytes were counted by assessing each specimen in 10 different 
identical fields at ×40 (×40 optical zoom) magnification. Mast 
cells were counted by staining the mast cells using a mast cell 
tryptase antibody (Leica Biosystems, Wetzlar, Germany) and 
assessing each specimen in 10 different identical fields at ×40 
magnification. Total values of infiltration scores for leukocytes 
and mast cells were calculated separately for each group.

Immunohistochemical Evaluation
The grade of epithelial integrity and epithelial damage was as-
sessed by the uroplakin-III (UP-III) polyclonal antibody, the E-
cadherin monoclonal antibody (Cell Marque, Rocklin, CA, USA), 

and the zonula occludens-1 (ZO-1) polyclonal antibody (Ther-
mo Scientific, Waltham, MA, USA), while the severity of in-
flammation was evaluated by the interleukin-8 (IL-8) antibody 
(Novus Biologicals, Centennial, CO, USA) with an immuno-
histochemical evaluation. Each specimen was assessed sepa-
rately at ×40 magnification. The assessment was carried out 
using an Olympus BX51 light microscope and an Olympus 
DP72 digital camera system. Normal expression of UP-III, E-
cadherin, and ZO-1 was defined as even distribution through-
out the urothelium, mainly in the surface of the epithelial cells. 
Abnormal expression was defined as weak expression and dis-
tribution throughout the urothelium. Specimens with no IL-8 
expression, IL-8 expression with mild vascular intensity, IL-8 
expression with moderate vascular intensity, and IL-8 expres-
sion with severe vascular intensity were scored as 0, 1, 2, and 3, 
respectively.

Statistical Analysis
IBM SPSS Statistics ver. 22.0 (IBM Co., Armonk, NY, USA) was 
used for all statistical analyses. The chi-square test was used to 
compare the results of histological analyses between groups. A 
post hoc analysis was performed for comparisons of columns 
for proportional analyses, and the Bonferroni correction was 
applied to the P-values. The Kruskal-Wallis test was used to 
compare leukocyte and mast cell counts between the groups. A 
pairwise comparison was performed for post hoc analysis, and 
the Bonferroni correction was applied to the P-values. P-values 
less than 0.05 were considered to indicate statistical signifi-
cance.

RESULTS

Histopathological Analysis
A significant difference was found between groups I and IV in 
vascular congestion (P=0.006). However, no significant differ-
ence was found between the other groups in this parameter. 
The grades of submucosal edema were significantly higher in 
groups II and IV than in group I (P=0.006 and P=0.006, re-
spectively). The intensity of mononuclear lymphoid cell infiltra-
tion was significantly lower in group I than in the other groups 
(i.e., groups II, III, IV, and V) (P=0.006, P=0.046, P=0.006, 
and P=0.046, respectively). The grade of granulation tissue for-
mation was significantly lower in group I than in the other 4 
groups; however, there was no statistically significant difference 
between those groups (P=0.016). The intensity of neutrophil 
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cell infiltration was significantly higher in groups II and IV than 
in group I (P=0.006 and P=0.006, respectively) (Figs. 1, 2).

Significant between-group differences in the leukocyte count 
were found between groups I and IV, groups I and II, and 
groups II and V (P=0.004, P<0.001, and P=0.004, respective-
ly). Significant differences in the mast cell count were found be-
tween groups I and IV, groups I and II, groups II and V, and 
groups IV and V (P=0.005, P<0.001, P=0.042, and P=0.005, 
respectively) (Figs. 3, 4).

Immunohistochemical Analysis
Group II had a significantly higher rate of abnormal expression 
of ZO-1 and UP-III than groups I, III, and V. Group IV showed 
significantly higher rates of abnormal expression of ZO-1 and 
UP-III than group I (P=0.002 and P=0.010, respectively). No 
significant between-group differences were found in abnormal 
E-cadherin expression, although the level of IL-8 expression was 
significantly lower in group I than in groups II, III, and IV 
(P=0.562 and P=0.001, respectively). Group V also had a sig-
nificantly lower level of IL-8 expression than group II (P=0.001) 
(Table 1; Figs. 4, 5).

DISCUSSION

In this study, we investigated inflammatory process in the uro-

D E100 μm 100 μm

A B C100 μm 100 μm 100 μm

Fig. 2. (A) Full-thickness section of the normal bladder in group I: normal urothelium, submucosa, and muscularis propria (hema-
toxylin and eosin [H&E], ×10). (B) In group II: severe vascular congestion and submucosal edema accompanied by severe neutro-
philic and mononuclear infiltration (H&E, ×10). (C) In group III: mild vascular congestion accompanied by moderate neutrophilic 
and severe mononuclear infiltration (H&E, ×10). (D) In group IV: severe vascular congestion and submucosal edema accompanied 
by severe neutrophilic and mononuclear infiltration and granulation tissue (H&E, ×10). (E) In group V: moderate vascular conges-
tion accompanied by mild neutrophilic and severe mononuclear infiltration and granulation tissue (H&E, ×10).

Group I Group II Group III
Group IV Group V

Fig. 1. Clustered boxplot of grades by histopathological results 
by group. Group I, control; group II, interstitial cystitis+isotonic 
solution; group III, interstitial cystitis +chondroitin sulfate; 
group IV, interstitial cystitis+hyaluronic acid; group V, intersti-
tial cystitis+hyaluronic acid+chondroitin sulfate.
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thelium in a rat IC model and analyzed the recovery process 
achieved by the therapies. This is the first study that has com-
pared the histopathological and immunohistochemical results 
achieved by 3 different intravesical agents in the treatment of 
IC. Urinary solutes never contact the urothelium during the 
filling phase of the bladder due to umbrella cells. In addition, 
GAG and other proteoglycans in the umbrella cells protect the 
permeability of the urothelium. A decrease in the permeability 

function of the umbrella cells due to various factors may lead to 
IC [9,10]. It has been shown that in the pathogenesis of IC, pain 
associated with nerve depolarization occurs after the diffusion 
of urea, calcium, and potassium through the urothelium, which 
exert toxic effects on the urothelium by disrupting the epithelial 
permeability barrier on the bladder surface [9]. GAG replace-
ment agents such as hyaluronic acid, heparin sulfate, heparin, 
chondroitin sulfate, and keratan sulfate are currently preferred 
as treatment options for IC [8].

In the literature, various rat models that can mimic IC by cre-
ating inflammation of the bladder have been described. No ani-
mal model can be expected to reflect all the symptoms experi-
enced by patients, and it is obvious that all aspects of IC cannot 
be mimicked by a single model. Rat loss may occur during the 
experiment, or optimal inflammation may be not obtained in 
various animal models described in the literature [11]. Howev-
er, in the present study, we induced a long-lasting cystitis model 
using H2O2 as presented by Dogishi et al. [7], rather than other 
intravesical or intraperitoneal agents, considering the high re-
generative capacity of the rat bladder [12]. In our study, suffi-
cient chemical cystitis could be created and only 2 rats died 
during the experiment. We demonstrated early-stage histologi-
cal changes and alteration of the antigens that are responsible 
for permeability in the urothelium, which is consistent with the 

50 μm A 50 μm B 50 μm C

50 μm D 50 μm E

Fig. 4. (A) Absence of mast cells, confirmed by immunohistochemistry (mast cell tryptase, ×20). (B) A small number of mast cells in 
the submucosa of group III (mast cell tryptase, ×20). (C) Increased number of mast cells in the submucosa of group II (mast cell 
tryptase, ×20). (D) ZO-1 positivity seen immunohistochemically in the urothelial epithelium in group V (ZO-1, ×20). (E) Full-
thickness immunohistochemical ZO-1 positivity in the urothelial epithelium in group IV (ZO-1, ×20).

Fig. 3. Clustered boxplot of leukocyte and mast cell counts by 
group. Group I, control; group II, interstitial cystitis+isotonic 
solution; group III, interstitial cystitis +chondroitin sulfate; 
group IV, interstitial cystitis+hyaluronic acid; group V, intersti-
tial cystitis+hyaluronic acid+chondroitin sulfate.
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literature. Engles et al. [13] demonstrated the therapeutic effect 
of chondroitin sulfate on the inflammatory process. Our study 
showed that mononuclear cells and neutrophil infiltration, ac-

cepted as the ideal parameters for evaluation of inflammation, 
were significantly lower in group V than in group IV and group 
II [7]. In our study, treatment of chondroitin sulfate and com-

Table 1. Distribution of the immunohistochemical results of the measurements by group

Variable Group I (n=7) Group II (n=7) Group III (n=7) Group IV (n=6) Group V (n=6) P-value

ZO-1 0.002

Abnormal 0 (0) 7 (100) 3 (42.9) 5 (83.3) 2 (33.3)

Normal 7 (100) 0 (0) 4 (57.1) 1 (16.7) 4 (66.7)

UP- III 0.010

Abnormal 1 (14.3) 6 (85.7) 2 (28.6) 5 (83.3) 1 (16.7)

Normal 6 (85.7) 1 (14.3) 5 (71.4) 1 (16.7) 5 (83.3)

E-cadherin 0.562

Abnormal 7 (100) 6 (85.7) 5 (71.4) 4 (66.7) 5 (83.3)

Normal 0 (0) 1 (14.3) 2 (28.6) 2 (33.3) 1 (16.7)

IL-8 level 0.001

0 6 (85.7) 0 (0) 1 (14.3) 0 (0) 1 (16.7)

1 1 (14.3) 0 (0) 2 (28.6) 0 (0) 4 (66.7)

2 0 (0) 3 (42.9) 3 (42.9) 3 (50) 1 (16.7)

3 0 (0) 4 (57.1) 1 (14.3) 3 (50) 0 (0)

Values are presented as number (%).						    
ZO-1, zonula occludens-1; UP- III, uroplakin- III; IL-8, interleukin-8; Group I, control; Group II, interstitial cystitis+isotonic solution group; Group 
III, interstitial cystitis+chondroitin sulfate; Group IV, interstitial cystitis+hyaluronic acid; Group V, interstitial cystitis+hyaluronic acid+chondroitin 
sulfate.

50 μm A 50 μm B 50 μm C

50 μm D 50 μm E

Fig. 5. (A) Positive immunoreactivity with UP-III in the urothelium in group III (uroplakin, ×20). (B) Negative immunoreactivity 
with UP-III in the urothelium in group II (uroplakin, ×20). (C) No expression of IL-8 in group I (IL-8, ×20). (D) Moderate IL-8 ex-
pression in the mucosa and the submucosa of group V (IL-8, ×20). (E) Strong IL-8 expression in the mucosa and the submucosa of 
group IV (IL-8, ×20). UP-III, uroplakin; IL, interleukin.



48    www.einj.org

Danacioglu, et al.  •  Comparison of Intravesical Therapies in Animal Model of Interstitial CystitisINJ

Int Neurourol J  March 31, 2021

bined hyaluronic acid-chondroitin sulfate suppressed the early-
stage inflammatory process in IC, aligning with findings in the 
literature. The intensity of granulation tissue is an early-stage 
indicator of improvement in damaged tissues [14]. We found 
that granulation tissue intensity in the control group was lower 
than in the other 4 groups. However, no statistically significant 
difference was found between those 4 groups. This finding 
demonstrates that urinary bladders of rats have a high regener-
ative capacity with or without treatment. This finding also pro-
vides useful information about the duration of the experimental 
animal models for further studies.

An increased number of leukocytes and mast cells has been 
shown as an indicator of acute inflammation in many experi-
mental IC models, and treatment response has been shown by 
a reduced number of these cells [15,16]. Mast cells, which play 
an important role in the pathophysiology of IC, lead to the re-
lease of various nociceptive mediators, and quantities of neuro-
peptide Y and substance-P-positive sympathetic nerves increase 
for this reason in patients with IC. The relationship between in-
creased quantities of nerve fibers in the bladder and mast cells 
has been proven in various experimental animal models. Stud-
ies have shown that symptoms of inflammatory diseases such 
as IC and irritable bowel syndrome might worsen due to activa-
tion of mast cells and nerve fibers [17,18]. Sinanoglu et al. [8] 
detected in an experimental rat model that treatment with 
chondroitin sulfate provided a significant reduction in leuko-
cyte and mast cell counts in the urothelium and restored the 
GAG layer. The leukocyte and mast cell counts also significantly 
decreased in groups III, IV, and V in our study. This anti-in-
flammatory effect linked to intravesical treatments can provide 
regression in symptoms by suppressing the anti-inflammatory 
process and reducing mast cell count. Increased levels of IL-8 
have been encountered in the urine of IC patients [19]. Previ-
ous studies reported that this increase was not correlated with 
patients’ symptoms, but rather with mast cell infiltration in the 
urothelium [20]. This suggests that IL-8 functions as a key che-
mokine for mast cells and that mast cells stimulate the urotheli-
um to release IL-8 [21,22]. Rooney et al. [19] presented in their 
in vitro IC model that IL-8 expression decreased due to treat-
ment with hyaluronic acid and consequently caused a regres-
sion in the inflammation of the urothelium by reducing mast 
cell infiltration. We also detected that the level of IL-8 decreased 
in all treatment groups, with the most significant reduction 
achieved in group V. In addition, group V showed the highest 
reduction in the mast cell count. This finding once more shows 

the correlation between IL-8 expression and mast cell infiltra-
tion, as supported by the literature.

ZO-1 is a ubiquitous component of tight junction proteins 
located in the urothelial epithelium, which maintain the perme-
ability barrier of the urothelium. ZO-1 is expressed by the api-
colateral part of superficial umbrella cells [23]. ZO-1 has been 
accepted as a specific and sensitive biomarker for IC patients 
[24]. In a ketamine-induced IC model, Duan et al. [25] detected 
that the abnormal distribution of ZO-1 proteins after 8 weeks 
was 90%, as opposed to 0% in the control group. We showed 
that abnormal expression of ZO-1 was significantly higher in 
group II than in groups I, III, and V.

Uroplakin is a mammalian protein synthesized in the super-
ficial urothelial epithelium. The uroplakin proteins are highly 
conserved, transmembrane proteins that function as key com-
ponents in mechanical stabilization of the urothelial surface 
[26]. In an experimental rat model, Lv et al. [27] found that the 
urothelium was thinner and that abnormal expression of UP-
III increased. It was observed that expression of UP-III was 
close to its normal level in rats that were treated with intravesi-
cal hyaluronic acid. In our study, we found that the highest ab-
normal expression of UP-III was in group II. Normal UP-III 
expression increased in groups III and V.

E-cadherin is a urothelial adhesion protein, reduced expres-
sion of which leads to urothelial barrier dysfunction. Therefore, 
it has been used as a biomarker in several IC model studies. Li 
et al. [28], who induced ketamine-induced cystitis, performed 
an evaluation of E-cadherin expression using a monoclonal an-
tibody in their experimental study. We used a similar method 
in our study. However, no statistically significant difference was 
found between the groups regarding abnormal expression of E-
cadherin.

The biomarkers mentioned in our study have been evaluated 
individually in various other studies. This is the first study to 
evaluate the effectiveness of intravesical agents more clearly by 
performing both immunohistochemical and histopathological 
examinations.

There are several opinions about the clinical use and out-
comes of intravesical agents, and there is currently no consen-
sus on the optimal instillation regimens of intravesical agents 
[29]. The superiority of intravesical treatments with chondroitin 
sulfate and combined hyaluronic acid-chondroitin sulfate com-
pared with other treatment models in reducing inflammation 
and achieving epithelial improvement was shown considering 
all biomarkers assessed in this study. We also demonstrated the 
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comparable efficacy of chondroitin sulfate with combined hyal-
uronic acid-chondroitin sulfate in the present study.

There are some limitations of our study. First, the efficacy of 
treatments performed in the rat bladder with a high regenera-
tive capacity may present differences compared with the human 
bladder. The treatment was evaluated based on the early-term 
findings of the histological and immunohistochemical analyses 
in this study. However, IC is a chronic and symptomatic disease 
and should be evaluated with histological and cytometric as-
sessments of long-term treatment.

In conclusion, our experimental study is the first analysis to 
compare the histopathological and immunohistochemical find-
ings of 3 different intravesical treatment agents. We have shown 
that single treatment of chondroitin sulfate and combined hyal-
uronic acid-chondroitin sulfate provided treatment efficacy by 
suppressing the inflammatory process and achieving improve-
ment in the urothelium. Further studies are needed to clarify 
the efficacy of different agents in IC treatment.
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